Neurons in the lateral belt areas of rhesus monkey auditory cortex prefer complex sounds to pure tones, but functional specializations of these multiple maps in the superior temporal region have not been determined. We tested the specificity of neurons in the lateral belt with species-specific communication calls presented at different azimuth positions. We found that neurons in the anterior belt are more selective for the type of call, whereas neurons in the caudal belt consistently show the greatest spatial selectivity. These results suggest that cortical processing of auditory spatial and pattern information is performed in specialized streams rather than one homogeneously distributed system.
Hearing plays a dual role in the identification of sounds and in their localization. Although it is undisputed that auditory cortex participates in the analysis of spectro-temporal patterns for the identification of complex sound objects, including speech and music, the neural basis of auditory spatial perception remains a matter of controversy. Brainstemstructures play a significant role in the processing of binaural cues, which contain important information for sound localization (1) . However, lesions of auditory cortex also impair auditory spatial analysis (2, 3) . With the recent discovery of multiple cochleotopic maps in nonprimary auditory cortex of the rhesus monkey (4, 5) , the question arises whether neurons in some of these areas show greater specificity for sound source location than in others. has been postulated for the visual cortical system (6) . Alternatively, auditory spatial in formation may be encoded in a completely homogeneous, distributed manner with each cortical area contributing equally to auditory spatial perception. One of the cortical systems in the macaque identified beyond the primary-like core areas of the auditory cortex is the lateral belt (7, 8) . It contains at least three areas: an anterolateral (AL), a middle lateral (ML), and a caudolateral (CL) area (4) . CL and AL receive largely independent and parallel input from different areas of the auditory core (A1 and R, respectively) and are only weakly interconnected (9, 10) . CL in addition has strong connections with the caudomedial area (CM) and projects to a different target region of the prefrontal cortex than AL (10, 11) . ML, situated between AL and CL and connected with both, shows attributes of an intermediate stage between core and belt (10, 12) . Neurons in all three lateral belt areas respond better to complex sounds than to pure tones (4, 13) . Stimulus preferences include band-passed noise (BPN), frequency-modulated sweeps, and species-specific vocalizations ("monkey calls," or MCs). The caudal part of the superior temporal gyrus (STG) contains neurons that are spatially tuned to the location of a sound stimulus presented in free field (14, 15) . We therefore compared the spatial selectivity of single neurons in the caudal belt region of four rhesus monkeys with that in more anterior areas. At the same time, by using MCs for stimulation, we determined the extent to which neurons in the various belt regions differ with regard to their specificity for different kinds of sound.
First, BPN bursts of variable bandwidth centered at different frequencies were used to map the lateral belt areas on the STG to determine the borders of AL, ML, and CL (4, 16) . Then, a standard battery of seven selected MCs (17) was used to test the spatial tuning of the same neurons in azimuth and evaluate their specificity for MCs (Fig. 1 ). To determine a neuron's selectivity for the seven spatial positions with the seven MCs, we assembled a "response profile" on the basis of 490 stimulus presentations (18) . In comparing response profiles of cells in AL ( Fig.  2A ) with those in CL (Fig. 2B) , it became evident that CL responses were often highly specific for spatial position, whereas AL neurons usually responded equally to sounds from all locations. Some of the spatially selective CL neurons were also highly specific for the type of MC presented (Fig. 2B, right) , whereas others showed broader tuning in that domain. AL neurons, by contrast, seemed overall to be more specific for the kind of MC regardless of where in space it was presented. Because only a limited azimuth range (120°) was tested, the overall number of spatially tuned neurons was almost certainly underestimated, but this was equally true for all three areas. Despite the different spectral bandwidth of the calls, there was no overall tendency for any of the call types to be associated with spatial-tuning width, nor was there any dependency of spatial-tuning width on the best center frequency (BF c ) of the neurons (r 2 ϭ 0.002, P ϭ 0.4456). Selectivity for MCs was also not simply a function of BF c , because neurons selective for different types of calls were found in all sections of the cochleotopic maps within the lateral belt [MC preference index (MCPI) versus BF c : r 2 ϭ 0.013; P ϭ 0.0761]. Thus, MC selectivity is generated by complex integrations in both frequency and time (4, 13) .
Mapping of spatial selectivity along the cortical surface in individual monkeys again demonstrates that neurons with great spatial selectivity are concentrated in the caudal belt (Fig. 3) . Great care was taken to collect an equal amount of data from either end of the belt region (19) . The interindividual variability of both spatial and MC selectivity was small in each area (P Ͼ 0.05, Kruskal-Wallis, df ϭ 3), so individual data sets could be combined for further analysis.
The main results of the study are summarized in Fig. 4 . Comparison of spatial tuning (Fig. 4A) shows that CL neurons were by far the most sharply tuned and AL neurons were most broadly tuned. ML, commensurate with its anatomical status, fell in the middle of the tuning range with a hint of a bimodal distribution. The difference between the three areas in spatial half-width was highly significant when compared with a nonparametric analysis of variance (P Ͻ 0.0001, KruskalWallis, df ϭ 2). The same result was obtained when CL was compared individually with AL and ML (P Ͻ 0.0001 and P ϭ 0.002, respectively; Mann-Whitney U test) (20) . Comparison of MC selectivity (Fig. 4B) showed AL to be more selective than both ML and CL (P ϭ 0.0006 and P ϭ 0.0287, respectively; Mann-Whitney U test). This difference was also highly significant when all three areas were compared together (P ϭ 0.0026, Kruskal-Wallis, df ϭ 2). MC selectivity in CL, when present, was often associated with the prevailing high selectivity in the spatial domain.
Thus, we find a clear dissociation of auditory spatial tuning between anterior and caudal belt in rhesus monkey auditory cortex. Spatial selectivity is greatest in CL and lowest in AL. Our findings represent physiological evidence for a functional specialization within the auditory cortex of primates and support the idea of processing streams at higher levels of the auditory system (11, 21) . Auditory spatial information is known to be processed in posterior parietal (22, 23) as well as dorsolateral prefrontal cortex (PFC) (11, 22) . The caudal belt provides direct input to both of these regions (11, 13, 24) and could thus be regarded as the origin of a dorsally directed "where" stream for auditory processing. The finding of an increased concentration of spatially tuned neurons in the caudal belt is consistent with other studies (14, 15, 25) , which demonstrate that this organizational feature is indeed associated with sound localization behavior. Other aspects of auditory spatial perception, in which the dorsal cortical pathway may be involved, include distance perception (26) and analysis of auditory motion (23) .
By contrast, AL seems to be part of an auditory-processing stream that is rostrally directed and continues into ventral and orbital PFC (11, 13, 27) . The latter route is supported by recent human imaging data that demonstrate an antero-ventral "what" stream for the analysis of human speech (28) (29) (30) . However, our results suggest that signals used for auditory communication are also relayed to the caudal STG, where they are combined, at the single-unit level, with information about the location of sounds in space. This type of neuron could play an important role in sound segregation (and possibly identification of speakers) on the basis of spatial cues (31, 32) .
The usefulness of natural complex sounds as stimuli in higher auditory areas has been emphasized previously (4, 13) . The selectivity for specific types of MCs, as found in auditory belt neurons, is higher than expected. However, even in AL, neurons rarely responded to a single call [although they sometimes responded to calls within the same phonetic category (33) ]. This suggests that AL is still far from the end-stage in processing auditory objects, and recordings from awake animals in even more anterior and lateral areas of the STG may be promising. On the other hand, lack of extreme selectivity may also indicate that complex auditory patterns, such as vocalizations, are coded by networks of neurons rather than a single cell. 16 . A total of 80 penetrations perpendicular to the open surface of the STG were made with lacquer-coated tungsten electrodes along the lateral sulcus of four rhesus monkeys (Macaca mulatta), lightly anesthetized with isoflurane (0.5 to 1.5%) and nitrous oxide (50%). All studies were performed within a doublewalled sound-proof chamber (3.05 m by 2.85 m by 1.98 m) whose inside walls were covered with 4-inchthick acoustic foam to minimize standing waves and echoes. Single units were isolated with the aid of a window discriminator and a slicer unit (34) . BF c of each unit was determined with BPN stimuli presented through the center speaker. The borders between two adjacent belt areas were identified from the reversal point of the BF c . BPN stimuli were 200 ms long with a rise-and-fall time of 5 ms. All sounds were energy-matched on the basis of root-meansquare values and were played at sound pressure levels of 45 to 75 dB, i.e., well in the suprathreshold range. When several levels were tested, the best response was used for analysis. 17. Digitized calls recorded from free-ranging monkeys were used for stimulation. The calls can be subdivided phonetically into three major groups: tonal, harmonic, and noisy calls (35) . 18 . Each of the seven MCs was played back in succession at all seven positions, from the most contra-to the most ipsilateral, and this was repeated 10 times for each call. MC types were presented in a fixed order, harmonic or tonal calls alternating with noisy calls (see Fig. 1B and the vertical scale of Fig. 2 ). An alternative design, in which positions and MCs were completely randomized, was abandoned in favor of the standardized sequence, because it poses the risk of total data loss when a neuron is lost prematurely. A comparison of the results from random and standardized stimulus presentation in several neurons did not reveal any significant differences, and stability of recordings was always monitored from raster displays. Only complete data sets from a total of 251 units were used. The spikes in response to stimulation were added up into 49 MC-and position-specific peristimulus time histograms (PSTHs). All PSTHs had a prestimulus interval of 500 ms, from which baseline activity was determined. Net responses were quantified from averaged peak firing rates with a 40-ms "sliding window" and normalized. The MC that elicited the maximal response was defined as the preferred monkey call, and the spatial position of that call as the preferred azimuth. An MCPI was defined as the number of MCs to which a neuron yielded a response Ͼ50% of the maximum at the preferred azimuth. Spatial selectivity was determined by the width of the half-maximal response to the preferred monkey call across azimuth. Neurons were considered spatially tuned if their response fell to less than 50% of the maximum at any other spatial position and were classified as "contra-field," "ipsi-field," or "single-peak" (36) . Of all preferred azimuths, 59% fell into the contralateral, 32% into the ipsilateral hemifield, and 9% were straight ahead (0°). This distribution was similar in all three belt areas (P Ͼ 0. The nervous system can modulate neurotransmitter release by neurotransmitter activation of heterotrimeric GTP-binding protein (G protein)-coupled receptors. We found that microinjection of G protein ␤␥ subunits (G␤␥) mimics serotonin's inhibitory effect on neurotransmission. Release of free G␤␥ was critical for this effect because a G␤␥ scavenger blocked serotonin's effect. G␤␥ had no effect on fast, action potential-evoked intracellular Ca 2ϩ release that triggered neurotransmission. Inhibition of neurotransmitter release by serotonin was still seen after blockade of all classical G␤␥ effector pathways. Thus, G␤␥ blocked neurotransmitter release downstream of Ca 2ϩ entry and may directly target the exocytotic fusion machinery at the presynaptic terminal.
A number of neurotransmitters have been shown to modulate release from presynaptic terminals (1, 2) through activation of a G protein-coupled receptor (GPCR) (3, 4) . The two arms of activated G proteins, G␣ and G␤␥, may exert their modulatory effect by
